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Muitiple Choice Questions (40 marks)

1 A student wants to investigate the strength of an unknown monobasic acid, as compared

with a sample of hydrochloric acid which has the same concentration.

Which of the following correctly shows the method and apparatus needed to investigate

strength of the unknown acid?

method apparatus
A measure pH voltmeter
B measure volume of sodlu'm I?ydroxlde burette and pipette
needed for neutralisation
¢ measure .temperaturfe change when thermometer
acid reacts with metal
p | measure final volume of gas produced as syringe
when acid reacts with metal gas synng

2 The diagram below shows an experimental set-up that can be used to obtain a stream of

nitrogen from air.

air

Using this set-up, which set of substances labelled X, Y and Z gives the purest sample of

BP-~321

nitrogen?
X Y z
A | aqueous calcium hydroxide | calcium chloride solution sulfur
B calcium chloride solution | aqueous calcium hydroxide copper
C | concentrated suifuric acid | sodium hydroxide solution carbon
D | sodium hydroxide solution | concentrated sulfuric acid copper
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3 A scientist tested a skincare product to investigate if it contains hammful ingredients. The
chromatogram of the skincare product is obtained as shown below, along with a reference

table of R values of some harmful ingredients.

* solvent front

b4

- start line

ingredient Ry value
diethanolamine 0.3
hydroguinone 0.5
butylated hydroxyanisole 0.8
oxybenzone 0.9

What are the harmful ingredients present in the skincare product?

oOm>»

diethanolamine only
diethanolamine and oxybenzone only
hydroquinone and butylated hydroxyanisole only
hydroquinone and oxybenzone only

4 Two gases, CHiC/ and SO, were separately released from one end of a laboratory on a
hot day. The experiment was repeated on a cold day. The time taken for the gases to
reach the opposite end of the laboratory was recorded for each experiment.

Which gas on which day would take the shortest time to reach the end of the laboratory?

gas day
A CHaC! hot
B CHaCl cold
Cc S0O: hot
D SO; cold

BP-322
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5 The graph below shows the change in temperature as a sample of X; is cooled.
temperature / °C i

"N

Q R

S T\u

> time /s

Which stage (P to U) reflects a change in the movement of particles from moving
around each other to vibrating about in fixed positions?

PioQ
QoR
Rto S
StoT

oW

6 Inwhich particle are the number of protons, neutrons and electrons all different?

A OF B Mg C Ne D P*

7  Element M exists as 3 stable isotopes and has a relative atomic mass of 65.1.

Which row shows the correct compositions of isotopes?

5 M % M M
A 32.1% 56.4% 11.5%
B 54.6% 6.6% 38.8%
c 56.3% 31.3% 12.6%
D 53.5% 25.5% 21.2%

5 [Turn Over




8 The formula of an ionic compound, containing elements J, K and L is shown below.

The letters J, K and L are not the chemical symbols of the elements.

2+ 2-

Which statements are correct?

l.
Il
.
V.

oOom)»

Element J could be magnesium.

Element K belongs to Group 14 of the Periodic Table.

Element L belongs to Group 1 of the Periodic Table.

Element K and element L are bonded together by a covalent bond.

land Il
{and IV

[l and HI

i, Il and IV

Chlorcacetone is used to make dye couplers for colour photography.

o
|

H,C — C — CH,C/

Which statements about chioroacetone are correct?

Chloroacetone cannot conduct electricity in any state.

Chloroacetone has high boiling point.

The total number of electrons that are involved in bonding in one chloroacetone
molecule is 10.

The chlorine atom has & valence electrons which are not involved in bonding.

land ll
land IV

Il and Il

I, Il and IV

BP-~324
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12

In the lattice structure of ionic compounds, the coordination number of each ion is the
number of neighbouring ions of opposite charge.

The table below shows the ions present and the coordination number of ions in some ionic
compounds. Taking sodium chloride for instance, each sodium ion is surrounded by 6
chloride ions, while each chloride ion is surrounded by 6 sodium ions. Hence, the
coordination number for both the sodium ions and chloride ions is 6.

L ions present coordination number of
ionic compound - - - - Formula
cation anion cation anion
sodium chloride Na* cr 6 6 NaCl
titanium(IV) oxide Ti* 0 6 3 TiO2
compound X Y Z 6 4 ?

Using the information from the table, determine the formula of compound X.

A Y2
C Yz

B YZ
D Y:Z;

Solution X and solid Y are mixed in a beaker. After mixing, the final mass of the substances
and the beaker is fess than the initial mass.

What can solution X and solid Y be?

solution X solid Y
sulfuric acid potassium hydroxide
nitric acid copper mefal

hydrochloric acid aqueous ammonia

o O m P

ammonium carbonate

calcium hydroxide

Which element will react with oxygen to form a product that will not react with both sodium
hydroxide and nitric acid?

A hydrogen

B aluminum
C magnesium
D sulfur

7 [Turn Over
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A student is given five reagents as shown below to make salts.

dilute hydrochloric acid
dilute sulfuric acid
dilute nitric acid
solid lead(II} oxide
solid calcium carbonate

How many soluble salts can be prepared by mixing any two of the five reagents?

ocow)»
oo bW

Which of the following does not show the appropriate reagents used for preparation of the
named salts?

salt Reagent
A silver chloride silver nitrate + hydrochloric acid
B | ammonium chloride ammonium carbonate + hydrochloric acid
Cc zinc sulfate zinc oxide + sulfuric acid
D potassium suifate potassium metal + sulfuric acid

The following substances are used in the laboratory to test for various ions.

reaction 1 warming with aqueous sodium hydroxide
reaction 2 warming with dilute hydrochloric acid
reaction 3 warming with aluminium and aqueous sodium hydroxide

Which reaction(s) could produce a gas that turns moist red litmus paper blue?

A 1only
B 3only
C 1and2
D 1and3
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17

18
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A salt, P, dissolved in water to give a colourless solution. A series of tests were conducted
with the solution, and the results are seen below.

On adding chlorine, the colourless solution turned brown.

On adding aqueous silver nitrate, a yellow precipitate was seen.
On adding aqueous ammonia, no precipitate was seen.

On adding sodium hydroxide solution, no precipitate was seen.

What is the chemical formula of P?

A Kl B CaF: C ZnS0, D NaNO;

The diagram below shows a series of tests starting with substance P.

green .| black powder Q
powder P heat +
carbon dioxide
sulfuric acid
excess
aqueous v
dark blue ammonia
solution « solution R

Which statement is true?

P consists of a metal that has only one oxidation state.

Q reacts with acids to liberate hydrogen gas.

Solution R can also be formed by reacting P with sulfuric acid.

Solution R also reacts with excess agueous sodium hydroxide to give a dark blue
solution.

oSO m>»

The nitrate salt of element Y undergoes thermal decomposition.
2YNQ; (s) — 2Y (s) + 2NOz (g) + 02 (9)

8.5 g of YNO; is heated and 1.8 dm?® of gases, measured at room temperature and
pressure, are produced.

What is the relative atomic mass of Y?

57

108
113
227

COoO@p

9 [Turn Over




19 Ammonium nitrate, NHsNOs, can be manufactured from ammonia, NHs, in a two-step

20

21

process.
Step 1: NH; + 20z — HNO; + H20
Step 2: HNO; + NHz — NH4NO3

What is the maximum mass of NH,NO3 that can be made from 17 tonnes of ammonia?
(1 tonne = 1 000 000 g)

A 34 {onnes B 40 tonnes
C 80 tonnes D 97 tonnes

A sample of solid magnesium hydroxide is prepared by adding an excess of aqueous
sodium hydroxide to an agueous solution containing 1.20 g magnesium sulfate.

The mass of magnesium hydroxide collected is 0.32 g.

What is the percentage yield for this reaction?

A 267% B 342% C 552% D 73.3%

Pentene can be converted into carbon dioxide and water in the following stages:

1 2 3
CsHiz (I} — CsHaz (g) — 5COz2 (g) + 6H20 (g) — 5C02 (g} + 6H20 ()

Which stage(s) is/are exothermic?

A 1only

B 1and2
C 2and3
D 1,2and3

10
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22 Inthe conversion of compound P into compound R, it was found that the reaction occurred
in a two-step reaction, with Q as the intermediate. The energy profite diagram for the
reactions is shown below.

&
step 1. P> Q
step 2: Q@ 2R

R

]

Py
>

Progress of reaction

What can be deduced from the diagram?

A

B
c

D

Both steps are endothermic.

The backward reaction to form P from R is exothermic.

Step 1 has a higher activation energy than step 2 because more bonds have to be
broken.

Step 2 involves breaking stronger bonds than step 1 because Q is at a higher
energy level.

23 Which statement about ammonia is correct?

ooOow>

It dissolves in rain to form acid rain.

It is formed when ammonium salts are heated with sulfuric acid.

Both of its raw materials can be obtained from the fractionat distiilation of air.

it decomposes when heated to a high temperature to form nitrogen and hydrogen.

1" [Turn Over
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24 The rate of reaction between calcium carbenate and hydrochloric acid is measured in three
separate experiments.

cotton wooi

dliute hydrochioric acid
24 calcium carbonale

The conditions at which each experiment is performed are as follows:

. particle size of moles of hydrochloric acid
Experiment . . .
calcium carbonate provided for reaction
1 powdered . in excess
lumps in excess
3 lumps insufficient

The results of these experiments are shown.

mass balance
reading

: |

Which statement is correct?

Experiment 1 is shown by curve X.
Experiment 1 is shown by curve Y.
Experiment 2 is shown by curve Y.
Experiment 3 is shown by curve Z.

ocow»P

12
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Concentrated sulfuric acid is able to react with potassium halide solids, according to the
following equations:

reaction 1: HxS0, + 2KC! — 2HC! + K280,
reaction 2: 2H,S04 + 2KBr — 2Hz0 + Brz + K2504 + SO»
reaction 3: 5H>S0, + 8KI — 4H,0 + 417 + 4K,804 + H:8

What is the change in the oxidation state of sulfur in the above reactions?

reaction 1 reaction 2 reaction 3
A 0 0 4
B 0 2 4
Cc 0 2 8
D 2 4 8

Acidified potassium manganate (VII) can be used to detect the presence of ethanol vapour
in the breath of a person who has consumed alcohol.

= . filter paper dipped in
- aqueous acidified
- .- potassium manganate{VIl)

It was observed that the acidified potassium manganate (VH) tumed from purple to
colourless in the presence of ethanol vapour.

Which explanation is correct?

Ethanol has been oxidised.

Ethanol is an oxidising agent.

Acidified potassium manganate (VII) has been oxidised.
Acidified potassium manganate (VII} is a reducing agent.

oom>»

13 [Turn Over
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27 In three separate experiments, various types of electrolytes were used.

Wﬁﬁl’ﬂﬂﬂi 1 axperiment 2

platinum
electrodes

Which statement is comrect?

Effervescence was observed at the cathode in experiments 1 and 2 only.
Effervescence was observed at the anode in experiments 2 and 3 only.
Silvery-grey deposits were formed at the cathode in experiments 1 and 3 only.
Silvery-grey deposits were formed at the anode In experiments 1 and 3 only.

oo w»

14
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28 In the experimental set-up shown below, strontium metal can be obtained by electrolysis
of molten strontium bromide, SrBr..

steel cathode

heat

Which of the following explains why argon and strontium bromide are used?

argon molten strontium bromide
A helps lower the meiting point of strontium ions are free to move around and act as
bromide, requiring less heat mobile charge carries
B prevents the strontium from overflowing low melting point, requiring less heat
c reacts with strontium to form a compound low melting point, requiring less heat

that protects the metal from oxidation

lons are free to move around and act as

D | prevents the formation of strontium oxide . .
mobile charge carries

29 In an electrolysis experiment, the same amount of charge deposited 2.17 g of chromium
and 4 g of copper. The charge on the copper ion was 2+.

What is the charge on the chromium ion?

A +1 B +2 C +3 D +4

30 In electroplating a chromium bracelet with silver, which combination is correct?

anode cathode electrolyte
A bracelet silver aqueous silver nitrate
B silver bracelet aqueous silver nitrate
Cc bracelet silver chromium nitrate
D silver bracelet molten sodium chloride

15 [Turn Over




31  Which row correctly shows air pollutants and their sources?

32

33

34

BP~334

pollutant source poliutant source
A carbon dioxide photosynthesis sulfur dioxide decomposition
incomplete |

B | carbon monoxide methane volcanic activity

combustion of petrol

¢ | sulfur dioxide incomplete | caroon dioxide bumning of fossil
combustion of petrol fuels
D nitrogen dioxide lightning flashes carbon monoxide lncqmplete
| combustion of petrol

The following waste gases from a coal burning power station are passed through wet
powdered calcium carbonate to reduce gaseous pollutants from escaping into the
atmosphere.

sulfur dioxide carbon monoxide sulfur trioxide

nitrogen monoxide nitrogen dioxide carbon dioxide

How many waste gases from the table above will be removed by the wet powdered calcium
carbonate?

A 2 B 3 c 4 D 5

Which statement correctly shows the general trend of the Period 3 elements from sodium
to chlorine?

The melting point increases.

The number of protons decreases.

The ability to conduct electricity increases then decreases.

The number of electrons involved in bonding decreases then increases.

o000 P

Which of the following statements are true about the elements in Group 1 of the Periodic
Table?

|.  They are soft and can be cut easily.

tl.  They are oxidising agents.
ill.  The melting point decreases down the group.
IV. The reactivity decreases down the group.

A landll

B landlll
C llandiV
D I, Handll

16



35 Reactions of three metals and their oxides are shown.

add dilute heat
metal | hydrochloric acid metal oxide
to metal with carbon
1 v e key
2 e X J = reacls
3 X v X = does not react

What is the order of reactivity of these metals, from most reactive to least reactive?

A 1-2-3 B 1-3-2 C 25153 D 2531

36 Which of the following must be the same for molecules which are isomers?

empirical formula

structural formula
molecular formula
functional group

BN =

A 1land? B land3 C 3and4 D 1,3and4

37 The structure of ester X is shown.

H 0
4
H—C—C H
N
H O——-([ZMH
H
Which row gives the name and property of ester X, and the number of electrons used in
bonding?
number of electrons
r . .
name property of ester X used in bonding
A | ethyl methanoate high boiling point 11
B | ethyl methanoate soluble in water 22
C | methyl ethanoate cannot conduct electricity 1
D methyl ethanoate | exist as fiquid at room temperature 22
17

[Turn Over
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38 Ethanol is manufactured in industries by the fermentation of glucose or by the catalytic
addition of steam to ethene.

Which statement describes an advantage of fermentation compared to catalytic addition?

A
B

c
D

Products from fermentation are harmless to the environment.
Fermentation produces many types of alcohol but catalytic addition only produces

ethanol.

Fermentation uses a higher temperature than catalytic addition.
Fermentation is more environmentally sustainable as it uses a renewable resource.

39 A molecule of compound P contains three carbon atoms and has a relative molecular mass
of 44,

Which row represents P?

name of compound

reaction with agueous bromine

o O W >

propane
propene
butane

butene

no effect
decolourises

no effect

decolourises

40 Which monomers, without the addition of any other reagent, would undergo

polymerisation?
1
H H
kY i
G e == H
VA
H e C
kY
H
3
H H H
1 | §
H oo O amoe C G
§ i H
H H M
A t1and4
B 2and3
C 1,2and4
D Al of the above

H
\
° H o H
N
G et G oo G e © == H

2

4

H H

H %O Of

H H
N N v v/
\ C o € 225 C o ©

H # \\i\
O o

18
End of paper
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Section A
Answer all questions.

1. Barium hydroxide, Ba(OH)2 is a strong base.
Fig 1.1 shows a reaction scheme involving barium hydroxide.

H,0O(1)
BaQ({s) ——» Ba(OH),(aq) ——» BaCOy(s)+ H,0{)
reaction 1 reaction 2

CH3COOH(aq)
reaction 3

Afaqg) | +H,0()

Fig. 1.1

(a) State what is observed in reaction 1.

............................................................................................................ [1]
(b) Suggest a reactant for reaction 2.

............................................................................................................ [1]
{c) ldentify A.

............................................................................................................ 1

(d) Ba(OH)z is made by reaction of Ba with water. Write a balanced chemical equation

for this reaction.
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(e) The mineral barytocalcite contains both BaCOs and CaCQs. Both compounds
decompose on heating.

)

(i)

Using your knowledge on the reactivity of metals, predict which compound
decomposes first when barytocalcite is heated.
Explain your answer.

........................................................................................................
........................................................................................................
.......................................................................................................

Construct an equation for the complete thermal decompaosition of barium
carbonate.

[Total: 7]

2. The elements phosphorus, sulfur and chiorine are elements in Period 3 of the Periodic

Table.

Table 2.1 shows some properties of these three elements.

property Cl
number of valence 5 6 7
electrons
formuta of most p3- sz Cr
comman ion

Table 2.1

(a) P*, $% and CI have the same number of electrons.

Describe and explain the trend in ionic radius shown by P3-, $2 and CF.

...............................................................................................................

...............................................................................................................

...............................................................................................................




BP-340

(b) Chlorine forms various ions with different oxidation states, Table 2.2 shows some of

the ions of chlorine.

lon chlorate perchlorate hypochlorite chloride
formula ClOs ClO« Clo Cr
oxidation state
of chlorine

Table 2.2

(i} Fill in Table 2.2 with the oxidation state of the chiorine in the various ions. [2]
{iij A disproportionation reaction is a reaction where an element is both reduced

and oxidised at the same time.

Potassium chlorate, KCIOs decomposes according to equation below.

4KCiOs — 3KCIOs + KC/

Explain why the above reaction is a disproportionation reaction.

........................................................................................................

(c) A student does two tests on separate samples of NaCl(aq).
Complete Table 2.3 with the correct observations for each test.

test

observation

addition of a few drops of
Brz(aq)

addition of a few drops of
AgNOs(aq)

Table 2.3

[2]

[Total: 8]
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3. POC/s has a melting point of 1°C and a boiling point of 106°C.

(a) Based on the information provided, suggest the structure and bonding in POCs.

...............................................................................................................

(b) Phosphorus shares a double bond with oxygen. Draw the ‘dot and cross’
diagram to show the bonding in POC/s. Show only the outermost electrons.

(2]

5 [Turn Over
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(¢) POCIa(g) forms when PC/(g) reacts with O2(g).
2PCL3(9) + Oz(g) —> 2P0013(g)

Table 3.1 shows some relevant information on energy changes.

Process value/ kJ mot!
enthalpy change for breaking bonds in one mole of PC/3 +289
enthalpy change for forming bonds in one mole of POCls -592

02 (g) — 20 (9) +436
Table 3.1

Calculate the enthalpy change, AH, for the reaction shown in the equation

in (c).

enthalpy change = ................... kJ [2]

(d) Hence, draw the energy profile diagram in Fig. 3.1 for the reaction shown in (c).
Indicate clearly the value of the activation energy and enthalpy change on Fig. 3.1.

¥ 3

energy

» progress of reaction

Fig. 3.1 [3]
[Total: 8]
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4. Concentrated aqueous magnesium iodide and molten magnesium iodide are
electrolysed separately using graphite electrodes.

(a) Describe one similarity and one difference in terms of the products formed at the
electrodes for the different electrolytes.

............................................................................................

........................................................................................................... [1]
ONE dIffBIBNCE: ...\ e e
............................................................................................................ [1]

(b) Describe and explain what is observed when aqueous chlorine is bubbled into
agueous magnesium iodide.
............................................................................................................ 12]

(¢) lodide ions react with manganese (IV) oxide as shown in the equation.
2I" + MnO, + 4H" = Mn?* + I, + 2H,0

Explain the role played by the iodide ions in the reaction, in terms of oxidation state.

...............................................................................................................
...............................................................................................................
...............................................................................................................

7 [Tum Over
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(d) lodine has several radioactive isotopes. Two of the isotopes, iodine-131 and
iodine-123 has clinical usage. Tiny amounts of radiation that are emitted by the
radioactive iodine isotopes help the doctor to see how the organ is functioning or to
treat certain cancers. Radiation emitted can be in the form of a beta particle, _38.

(i) Explain whether iodine-131 and iodine-123 will have similar chemical properties.

............................................................................................................

(i) The equation below shows iodine-131 breaking down to produce a beta particle.
oo e + 98

Radioactive phosphorus-32 also breaks down to produce a beta particle, similar
to radioactive iodine-131. Write an equation to show this reaction.

[Total: 8]
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5. A piece of copper ore containing copper (Il) oxide has a mass of 0.567g. It is dissolved
in an acid, giving 100.0 cm?® of a blue solution in which all the copper is present as Cu?*
ions.

An excess of KI (aq) is added to a 25.0 cm? sample of this solution.
All the copper is precipitated as white Cul(s).

Cu?* ions are the only component in the solution that react with KI (aq).
This is reaction 1.

reaction 1 2Cu* + 41" — 2Cul + L

The liberated iodine is then titrated with 0.0200 mol/dm? of S2032. This is reaction 2.

reaction 2 I, +28,0,2" - 2I" + 8,02

The titration requires 20.10 cm? of 0.0200 mol/dm?3 of S203% to reach the end point.

(a) Calculate the number of moles of 12 that are reduced in the titration.

numberof molesof 2= .................. mol [1]

(b) Calculate the number of moles of copper in the original piece of ore.

number of moles of copper in the original piece ofore = ........cccvvvvven... mol [2]
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(c) Calculate the percentage of copper in the ore.

% of copperintheore=................ % [2]

(d) Pure copper is usually converted to an alloy before being used to make water pipes.
Describe and explain the advantage of using an alloy of copper over pure copper.

[Total: 7]

10
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6. An experiment is set up to investigate the rate of diffusion of solutions. Aqueous barium
nitrate is added from one side of a 10 cm iength of black paper, while aqueous copper
(1) sulfate is added from the other side at the same time. The time taken for a white
precipitate to appear on the black paper is recorded. Fig. 6.1 shows the experimental

set up.
— E i ! « -
aqueous 1 ; i aqueous
il E | 5 copper (1l
o ' ' ' sulfate
injected X Y Z injected
Fig. 6.1

(a) Write the ionic equation for the formation of the white precipitate.

............................................................................................................ [1]
(b} Predict the position of the white precipitate on the black paper. Will the white
precipitate appear at position marked X, Y or Z? Provide an explanation for your
answer.
............................................................................................................ [2]

(c) Instead of using aqueous barium nitrate, aqueous barium hydroxide is used, with all
other reactants and conditions kept constant. Describe what will be observed.
ODbSEIVALION: ... e [1]
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{(d) Copper (II) sulfate is made by adding excess copper (1) carbonate to sulfuric acid, at
room temperature and pressure.
The equation for reaction is shown below.

CuCOs (s) + H2S0s(aq) —» CuSOa (ag) + CO2(g) + H20 ()

The volume of gas collected as the reaction proceeds in shown in Fig. 6.2.

€0

50

40

volume of .
carbon dioxide
gas/cm?

20

10

0 50 160 150 200 250 300 350
fime/s

Fig. 6.2
(i) Calculate the number of moles of sulfuric acid used.

number of moles of sulfuricacid = ..............coeii mol [2]

12
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(if) if the concentration of sulfuric acid used is 0.0500 mol/dm?3, calculate the volume
of sulfuric acid used.

volume of sulfuricacid = ....................... cm? [1]

(iif) The experiment is repeated with the same volume of suffuric acid in (i) but
concentration of sulfuric acid is 0.0643 mol/dm?3, and all other conditions are kept
constant.

Calculate the volume of carbon dioxide produced.

vofume of carbon dioxide = ........................... cm® [2]

(iv) Use ideas about collisions between particles to explain how the change in
concentration of suifuric acid in (iii) affects the rate of reaction.

............................................................................................................
............................................................................................................
............................................................................................................

............................................................................................................

(v) Hence, sketch the graph obtained for the experiment in (jii) on Fig. 6.2. [1]
[Total: 12]
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. Plastics can be categorised into 7 types. Fig. 7.1 shows three of the most used plastics.
The plastics industry depends on non-renewable resources. More than 90% of global
plastic production consists of primary plastics—which are newly manufactured, rather
than recycled—made from petroleum products. This production requires a huge amount
of energy and produces greenhouse-gas emissions. By 2050, emissions from plastic
production could amount to 15% of the estimated carbon budget needed to keep global
warming below 1.5 °C.

Credits: https:Ifwww.scientiﬁcamerican.comlarticlelwhy-its—so—hard-to-recycle-plastic!

type of plastic name ease of recycling
I\ polyethylene terephthalate easy
o
PET
A high density polyethylene easy
&2
HDPE
A polyvinyl chioride almost impossible
PVC
Fig. 7.1

(a) Explain why the production of plastic is not environmentally sustainable and harmful

to the environment.

................................................................................................................
................................................................................................................
................................................................................................................

14
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(b) PET and HDPE are easy to recycle. Describe how piastics can be recycled using a
physical and chemical method.

Physical method: .

........................................................................................

...............................................................................................................

............................................................................................................ [1]
Chemical Method: ..o e
........................................................................................................... [1]

(c) The structure of PET and PVC are shown in Fig. 7.2

PET PVC
H H H H H
: o HH I
C C-0-C-C-0 —C—C—C—C—C—
I o
HH n Cl H ¢ H
Fig. 7.2
(i) Draw the monomer(s) that are used to make PET and PVC.
Monomers of PET Monomer of PVC
[2]
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(i) PET and PVC are made by different methods of polymerisation.
Identify the polymer formed by:
addition polymerisation @ ..o
condensation polymerisation: ... [1]

(iii) Describe one difference between addition and condensation polymerisation.

[Total: 8]
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8. Infrared spectroscopy can be used to detect bonds and atoms present in organic
molecules. As the bonds and types of atoms differ, the molecules absorb radiation at
different wavelengths, represented by a wavenumber. As the bonds absorb radiation,
they stretch. Table 8.1 shows the wavenumber at which the different bonds absorb

radiation.
Bond Wavenumber/ cm!
C-C 1100 - 750
C-0 1300 - 1000
Cc=C 1680 — 1650
C=0 1725 — 1700
C-H 2990 — 2600
O-H {in carboxylic acids) 3200 - 2000
O-H (in alcohols) 3700 - 3300
Table 8.1

Fig. 8.1 shows the infrared spectrum of ethanol. In an infrared spectrum, the vertical
axis shows an increasing transmittance while the horizontal axis shows a decreasing
wavenumber.

80 -
70 -
w :
(]
[x}
= £ 4
& 102
g 40 2o \
T C-H
1055
ot 91 stretch
307 O-H ethanol -0 stretchos
streteh
» § Y
MO *—(l}-?-"H
10 HHK
18
DO 2000
Wavenumbers (cim-1)
Fig. 8.1

A peak at 3391 cm- corresponds to a O-H bond as it falls in the region of

3700- 3300 cm™.

A peak at 2981 cm' corresponds to a C-H bond as it falls in the region of

2990- 2850 cm™.

A peak at 1102 and 1055 cm™' corresponds to a C-O bond as it falls in the region of
1300- 1000 cm™.
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Alcohols fall into different classes depending on how the hydroxyl group, -O-H is
positioned on the chain of carbon atoms. Table 8.2 shows the differences between the

different classes of alcohol for butanol.

Primary (19) Secondary (2°) Tertiary (3%)
H
R H T e
H—C—C~C—G—OH| H—C—C—C—C—H T ‘T
N T Hm € —— € —— C
H H HH H OHH H | l |
H H
o
|
H
butan-1-ol butan-2-ol 2-methylipropan-2-ol
In a primary (1%) alcohol , | In a secondary (2°) alcohol! , | In a tertiary (3% alcohol ,
the carbon which carries | the carbon which carries the | the carbon which carries
the -OH group is attached | -OH group is attached to the -OH group is
to only one alky! group. two alky! groups, which may | attached to three alky/
be same or different. groups, which may be
same or different.

Table 8.2

An alky! group is a group such as methyl, -CHs, or ethyl, -CH3CHa. These are groups
containing chains of carbon atoms which may be straight or branched. Alkyl groups
are given the general symbol R.

Alcohols have a higher boiling point than that of an alkane with the same number of
carbon atoms as shown in Fig. 8.2 due to the presence of hydrogen bonding. Hydrogen
bonding occurs in molecules due to the hydroxyl functional group, -O-H. The weak
intermolecular forces of attraction between the molecules and hydrogen bonding
determine the boiling point of an alcohol.

Aleshols

Number of Carban Atoms

Fig. 8.2

18
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(a) What is the phenomenon exhibited by the three different molecules of butanol shown
in Table 8.27

.............................................................................................................

(b) Table 8.3 shows three alcohols P, Q and R.

Alcohol p Q R
Structural H 8
formula ] Moo

M~ —H H H H
H H H OHH H H T
[ R | [ I Home G e G ——C = H
H—C—C~C~C—C—H|Hy—C- C—C-—0—H el ]
R A [ | | HoOoH o H
H H H H H H H H I
H
Class of
aicohol
Name 2-methylpropan-1-ol 2-methylbutan-2-ol

Table 8.3

Fill in the missing blanks in Table 8.3 with the correct class and name of the alcohols
P, Qand R.

19

(2}
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(c) A molecule T, with two hydroxyl groups has the structure shown in Fig. 8.3.

Fig 8.3

Using information from Fig 8.2, predict the boiling point of molecule T. Provide an
explanation for your prediction.

.................................................................................................................
................................................................................................................

20



BP~357

(d) Fig. 8.4 shows the infrared spectrum of a molecule Z.

0.8 ‘“W

S |
- i §
= o2k P
- X
] 2900-3100
PN I S A
3000

Wavenumber (cm-1)
NIST Chemisiry WebBook (https:/iwebbook.nist govichemistry)

Fig. 8.4

(1) Based on Fig 8.4 and Table 8.1, identify the bonds represented by the peaks at
V, W, X and Y. Bonds represented by X and Y make up the oniy functional group
of molecule Z.
Vrepresents BoNd: .. ..o
Wirepresents bond: ... e
Xrepresents bond: ...
Yrepresents bond: ... (2]

(ii) State the homologous series molecule Z is in.

(iif) Molecule Z has a total of two carbon atoms. Hence, draw the displayed formula
of molecule Z.

[2]

(iv) Name the reagents that can react to produce molecule Z.

[Total: 12]
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Section B
Answer one question from this section.

9. Table 9.1 shows the melting points and relative electrical conductivities of three
elements.

carbon magnesium iodine
(graphite)
melting point/°C 3652 649 114
relative electrical good good poor
conductivity of solid
Table 9.1

(a) Use ideas about bonding and structure to explain:

(i) the difference in the meiting points of magnesium and iodine.

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................

............................................................................................................
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(b} A compound of phosphorus, oxygen and chiorine contains 20.2% phosphorus,
10.4% oxygen and 69.4% chiorine by mass.
Deduce the empirical formula of this compound.

empirical formula ............................. [2]
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{c) The cell reaction for an electrochemical cell is shown below.
Clz (aq) + 2Fe® (aq) — 2Fe® (aq) + 2CrI (aq)

Table 9.2 shows some standard electrode potentials.

Half - reaction Standard Electrode Potential, E” (volts)
2Fe3 (aq) + 2e- — 2Fe? (aq) +0.77
Ck (aq) + 2e- — 2CIl (aq) +1.36
Table 9.2

(i) Use the information in Table 9.2 to calculate the potential difference of the

electrochemical cell in (c).

potential difference = ................... V1]

(ii) Describe the colour change of the solution in the electrochemical cell as

electricity is being generated.

............................................................................................................

(iii) Describe a simple test to determine that all the chlorine is fully used up. Aqueous

chlorine behaves the same way as chlorine gas.

............................................................................................................

............................................................................................................

[Total: 10]
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10.Solid fuef used for outdoor cooking is made of hexamine. A student suggested using
moth balls made of naphthalene as solid fuels instead. Table 10.1 shows some
information about hexamine and naphthalene.

Solid fuel Molecular formula Enthalpy of combustion
kJ/mol
hexamine CeH12N4 -4 200
naphthalene CioHs -5 133
Table 10.1

Energy density is the amount of energy released per gram of fuel combusted, kJ/g.

(a) Calculate the energy densities of hexamine and naphthalene.

energy density of hexamine = ........................ kdfg [1]
energy density of naphthalene = ...................... kdfg [1]

(b) Hence, explain whether moth balls containing naphthalene are a better alternative to
solid fuel containing hexamine for camping, with reference to their energy densities
and mass.

...............................................................................................................

...............................................................................................................
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(c) Burning hexamine solid fuels may be more harmful than burning moth balls as a
harmful air pollutant is produced. Name the air pollutant produced and describe the
harmful effect caused by this air pollutant. _

AIF POHULANT ... -1
effect of air pollutant

.................................................................................................................

(d) Aluminium nitrate decomposes on heating according to the equation below.
4ANNO3)s (s) — 2AR0s (s) + 12NOz(g) + 302(g)

Student A then adds aqueous hydrochloric acid while student B adds aqueous
potassium hydroxide to the solid left after decomposition.

(i) Describe what will be observed by:
R (T L= 0L A NPT PP PP
Student B

Explanation for observations: ..........c.oiiiiii

(ii) Use ideas of structure and bonding to explain why aluminium oxide exists as a
solid while nitrogen dioxide exists as a gas at room conditions.

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................

[Total: 10]

END OF PAPER

26



BP~363

L
HOW 201 X 209 = 7 Juejsuod oipeboy a8yt (*d'yd) ainssaid pue ainjesadwa) wooi je (wp $z si seb Aue 40 B|0OW SUO JO SUUN|OA BY |
- - - - - - - - - - - 8z LEZ 2€Z -
Lniauaime) wngagou  IwnASIapUaL; LuniLLray uiniumelsu® | wn)woen wnpexisq wnpn wnpuawe E:_cou_.._a E:_.._En_m: wniweln E:_:.ﬁ.mua._n_ wnuoy) tunjujoe
n ON P w s3 0 g wo wy nd dN n ed uL oy Sprourae
£0L c0l LOL 00l 66 86 i6 96 G6 6 £6 6 [13] 06 68
GlL cll 69l 9] gal €91 3121 8 LS sl 051 - i Ll oFl 6¢L
wrysn| winjqrapgA winynig wniga wniugoy | wnisosdsAp wnigse) wnopeb | wnidoine wnuewes | wnyawoud | wowAposy wnuidpoasad] wnueo WINUBLILE
m aA W] 13 oH Aq aL J5) n3 ws Wl PN id %) e Sploueye
1L 04 69 89 19 99 9 9 £9 4] 19 09 65 95 LS
vossauebio | eusssuus) | wnuoussa) | wnnessow | walaosy wnivoy | wngopwadoo | wnuabjuecs lwnpejsuuep| wnpaugew wnissey wnuyeq | wmblogess | wnugnp  (wnipiopeyy winjpes wpuey
6o sl M I 14 uN ug By sQ N SH ug bs qaq e spoupoe | B o
gt L) 9Ll Sli il ELl cil 1" 0Ll 601 801 201 801 GOl 0L £01L—68 28 18
- - - 60Z 102 ¥0Z 102 16} g8l z6l 081 98} v8l 181 8Ll L8} £el
uopes suelse wnuojod qInwisq pEa) wnyrey; Kroaz pioh wunuped wnpL wnjwso winuayl uaisBun winjeues) winiaey winyeq winseey
uy v od g ad 1L B ny id JI 80 ay M el JH  {spoueye| eg 8D
98 1% 78 £8 [4:; 18 0g 64 8L L 9l Sl vl £l [43 Li-1G 9 s
LEL 221 g8clL 22l 6Ll SL1 ekl 804 901 €01 104 - a6 £6 16 68 88 G8
uouax aupol wnynje} Auownue up LIPS wnjupea M5 wnipeped Winpowy wnuayu | wngeuyse] {wnuapgAiow!  wmgomn LRz wnupA Wnjuons WIRIPIGNE
ax I al as usg uI PD by Pd Uy ny aL oW aN Z A IS a4
)4 £5 [4:] LS [ 61 af FA 4 o St L4 194 (44 |34 {04 (4% 8t LE
¥ (111 6L 72 el 0L G2 9 6% 65 t£14 1] 4] A 214 14 or 6E
uojdiny aujwog wnuaies IuzEe winjuewgs winyreb oIz Joddoo o Jegon | eseuebuew ; wnjwolys LINPRURA T TIEATY wnipuess wiryes umsseod
N a9 a8 sy 89 ED) uz no IN o0 =E| U 0 A i g B) M
9g S€ e ee (4 LE (4] 62 82 fr4 14 T4 |4 €2 [44 ¥4 02 6l
cmﬁm mm.:m_m"u __.M_Mm mEo”nmm,o_._a :Wom_m E:_HW::_m cl b 0l 6 8 L 9 g v € Es_mMmeE Em_w.cm
" 1D S d 1 v b eN
8l Ll al Sl i £l 45 L
474 6l 9l 14" ¢} Li $SBW DJLUOle aAlje|sl 6 L
uosu aupony uabAxa uafonu uoqes uolog aweuy wnyoag Lan{yy
aN 4 0 N 0 g9 |oguAs dnwole eg n
QL 6 8 L g 5 Jaqunu (ojuo)e) uojoud 4 £
¥ 3 Aoy
winyay uaboiphy
I H
4 l
8L m 9l Gl vl £l | z T

dnoio

sjuswwajg 40 olqge | dpoled ayy




BP~364



Answers to Sec 4 Pure Chemistry prelim 2024

BP~365

Qn | Ans | Explanation

1 C | Strength of acids can be tested by measuring the temperature change during
acid-metal reaction. Hence, thermometer would be required.
pH is measured using the Universal Indicator or pH meter.

Volume of sodium hydroxide needed for neutralisation and final volume of gas
produced during acid-metal reaction will be similar, given that the concentrations of
the unknown acid and hydrochloric acid are the same.

2 D | Sodium hydroxide solution will neutralise the acidic carbon dioxide, concentration
sulfuric acid will dry the gases, and copper will react with oxygen. Hence, nitrogen gas
will remain.

3 B | Rfvalues of the 3 spots are 0.3, 0.6 and 0.9 — distance travelled by ink divided by
distance travelled by solvent front. Hence, only diethanolamine and oxybenzone are
present.

4 A | Mrof CH3;C/=12+3+355=50.5
Mrof SO2= 32 + 16x2 = 64
CHsC! will travel the fastest due to its lower mass, on the hot day.

5 D | StoTis where the sample will freeze and change from iiquid to solid. Hence, this will
result in a change in movement from moving around each other to vibrating about in
fixed positions.

6 D | P* has 16 neutrons, 15 protons and 18 electrons.

0% has 8 neutrons, 8 protons and 10 electrons. Mg2* has 12 neutrons, 12 protons and
10 electrons. Ne has 10 neutrons, 10 protons and 10 electrons.

7 C |32.1%x64 +56.4% x 66+ 11.5% x 87 =65.5
54.6% x 64 + 6.6% x 66 + 38.8% X 67 = 65.3
66.3% x 64 + 31.3% x 66 + 12.6% x 67 = 65.1
53.5% x 64 + 25.5% x 66 + 21.2% x 67 = 65.3

8 B | J has a charge of +2 - hence, it could be magnesium which is in Group 2.

K has 5 valence electrons — hence, it should be in Group 15.

L has 1 valence electron — hence, it should be hydrogen. it cannot be Group 1 metals
as metals do not form covalent bonds.

K and L shared 2 electrons — hence, they formed a covalent bond.

9 B | Chloroacetone is a covalent compound, which will not be able to conduct electricity
in any state, and has low melting and boiling points.

There are 10 covalent bonds, hence there are 20 electrons involved in bonding.
Chlorine shares one electron and has 6 valence electrons not involved in bonding.

10 | D | Based on the coordination number, each Y is surrounded by 6Z while each Z is
surrounded by 4Y. This means that the ratio between Y and Z is 2:3. Hence, formula
i5 YaX5.

11 D | Calcium hydroxide reacts with ammonium carbonate to give off ammonia gas,

resulting in a loss in overall mass.
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I A and C show neutralisation reaction with no gas produced, while copper does not

react with acid.

12 Hydrogen reacts with oxygen to form water, which is neutral.
Aluminium oxide is amphoteric, magnesium oxide is basic and suifur dioxide is acidic.

13 Lead(ll) nitrate, calcium chloride and calcium nitrate are soluble.
Lead(ll) sulfate, lead(ll) chloride and calcium suifate are insoluble.

14 Potassium is a very reactive metal, hence will react explosively with acid. Reaction
is unsafe to proceed.

18 Test for ammonium ions with reaction 1 and nitrate ions with reaction 3 could
produce ammonia gas, which will turn moist red litmus paper blue.
Hydrochloric acid is used to test for carbonate ions, which produces carbon dioxide

as.

16 Displacement by chioride produces brown solution — iodine is produced.
Precipitation of yeilow precipitate — silver iodide is produced.
No ppt with aqueous ammonia and sodium hydroxide — sodium, potassium or
ammonium ions possible
Hence, P is Kl

17 R is copper(ll) sulfate, which can be produced by reacting copper(ll) carbonate with
sulfuric acid.
Copper is a transition metal with variable oxidation states. Q is copper(ll) oxide which
reacts with acids to give salt and water. Copper(}l) ions give a blue ppt inscluble in
excess sodium hydroxide.

18 Number of moles of gases = 1.8 / 24 = 0.075
Number of moles of salt = 0.075/3 x 2 = 0.05
Mr of salt = 8.5/ 0.05 = 170
Ar of salt = 170 — 14 — (16x3) = 108

19 Number of moles of ammonia = 17 000 000 / 17 = 1 000 000
Number of moles of ammonium nitrate = 1 000 000 / 2 = 500 000
Maximum mass of ammonium nitrate = 500 000 x (2x14 + 4 + 3x16) =40 000 000 g =
40 tonnes

20 2NaCH + MgS0, — Mg(CH)z + Naz50,
Number of moles of magnesium sulfate = 1.20 / (24 + 32 + 4x16) = 0.01
Mass of magnesium hydroxide = 0.01 x (24 + 2x16 + 2) = 0.58g
Percentage yield = 0.32/0.58 x 100 = 55.2%

21 Combustion and condensation are exothermic.
Boiling/vapourisation is endothermic.

22 P has lower energy level, hence R gives out energy to form P in the backward reaction
— exothermic.
Step 1 is endothermic but step 2 is exothermic. While step 1 has higher activation
energy than step 2, it is because the amount of energy needed to break bonds is
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higher — not because more bonds are broken. Step 1 involves breaking stronger
bonds.

23

Ammonia is formed via a reversible reaction, hence it will decompose when
heated to a high temperature.

Ammonia is alkaline, and will be formed when ammonium salts are heated with bases.

Ammonia is made from hydrogen — obtained from cracking of petroleum, and nitrogen
- obtained from fractional distillation of air.

24

Experiment 1 is shown by curve Z — fastest reaction due to the use of powdered
calcium carbonate, and greatest change in mass as HCl is used in excess.
Experiment 2 is shown by curve Y — slower reaction due to the use of calcium
carbonate in lumps.

Experiment 3 is shown by curve X — slower reaction due to the use of calcium
carbonate in lumps, and smaller change in mass due to insufficient HC! used.

25

Reaction 1: oxidation state of sulfur remains the same (+6).

Reaction 2: oxidation state of sulfur changes from +6 in H;SO.4 to +4 in SO - change
by 2.

Reaction 3: oxidation state of sulfur changes from +6 in H2SO4 to -2 in H.S — change
by 8.

Comments: badly done. Many chose B.

26

KMnQ, has been reduced as the oxidation state of Mn has decreased from +7 to +2,
and acts as an oxidising agent.
Ethanol is oxidised and acts as a reducing agent.

27

Experiment 1: hydrogen is discharged at cathode and chlorine gas is discharged at
anode.
Experiment 2: hydrogen is discharged at cathode and chilorine gas is discharged at
anode.

28

Experiment 3: lithium is discharged at cathode and iodine gas is discharged at anode.
Argon is inert and is used to prevent the oxidation of strontium.

Molten strontium bromide is used as electrolyte as its ions act as mobile charge
carriers to conduct electricity.

29

Cu — Cu®* + 2e
Number of moles of copper = 4 / 64 = 0.0625
Number of moles of electrons = 0.0625 x 2 = 0.125

Cr—Cr* +ne
Number of moles of chromium = 2.17 / 52 = 0.0417
Number of moles of electrons = 0.0.417 x n = 0.0417n

Same amount of charge for Cu and Cr: 0.0417n = 0.125
Hence, n = +3.0

30

Cations are discharged at the cathode, hence the bracelet must be at the cathode.
Silver anode will discharged to give silver ions, and the electroiyte must contain
silver ions.

31

Carbon dioxide is not a pollutant.

Sulfur dioxide is from volcanic activity, methane from cattle farming, nitrogen dioxide
from lightning flashes and carbon monoxide from incomplete combustion of
petrol.
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32

Sulfur dioxide, sulfur trioxide, nitrogen dioxide and carbon dioxide are acidic gases
that can be removed by calcium carbonate.

33

Melting point increases then decreases across the period.

Number of protons increases.

Abllity to conduct electricity increases then decreases.

The number of electrons involved in bonding increases then decreases.

34

They are soft and melting point decreases down the group.
They are reducing agents and their reactivity increases down the group.

35

2 is the most reactive as it reacts with acid and its oxide cannot be reduced by heating
with carbon.

3 is the least reactive as it cannot react with acid and its oxide can be reduced by
heating with carbon.

36

Isomers have the same molecular formula, hence they will also have the same
empirical formula. They will have different structural formuia and couid have different
functional group.

37

It is methyl ethanoate, a covalent molecule that cannot conduct electricity and has low
melting and boiling point. It has 22 electrons involved in bonding to form 11 bonds.

38

Ethene is obtained from the cracking of hydrocarbons, which is a non-renewable
resource. However, glucose is obtained from plants like sugarcane, which is a
renewable resource.

39

It is propane and Mr is 44 (CnHans2). Hence, it does not decolourise bromine.

40

o|»

1 and 4 can undergo addition polymerisation.

2 can undergo condensation polymerisation,

3 cannot undergo condensation polymerisation as alcoho! and amine group cannot
react to form linkage.
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1(a)

The solid dissolves/disappears/becomes smaller.

[1]

(b

Carbonic acid

(1]

(c)

Barium ethanoate or (CH:COO):Ba

(1]

(d)

Ba + 2H20 — Ba(OH): + H:

(1]

(e)(i)

CaCOs decomposes first. CaCOs has a lower thermal stability as
calcium is less reactive than barium.

[1]
[1]

(ii)

BaCOz — BaQ + CO2

[1]

2(a)

The ionic radius decreases from P to Cl. As you move across the
Period from P to Cl, the nuclear charge increases (OR number of
protons increases), the electrons are more closely attracted to
the nucleus (attraction between protons and electrons
increases).

[1]
[1]

(b)(i)

lon

chlorate

perchlorate

hypochlorite

chloride

formula

ClOs

ClOs

Clo

Ct

oxidation
state of

+5

+7

+1

chlorine

2m- all
correct

im-20r3
correct

(ii)

Oxidation state of chlorine increases from +5 in KCIQ3 to +7 in
KCIO4. Chiorine is oxidised. {(accept if KCIOs oxidised)
Oxidation state of chlorine decreases from +5 in KCIOs to -1 in
KCI, Chlorine is reduced. (accept if KCIOa reduced)

Since chlorine is both oxidised and reduced, it is a
disproportionation reaction.

[1}

(1]

(c)

test observation

addition of a few Solution remains reddish brown

drops of Brz(aq)

addition of a few
drops of AgNQs(aq)

White precipitate

[1]

1l
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3(a) | Covalent bonding, simple covalent {molecular) structure [1]-both
answers
(b)
[1-bonding
electrons
between O
&P, O
electrons]
[1-bonding
electrons
between Cl
&P
electrons of
Cl
(c) Enthalpy change for bond breaking in reactants
= 2(289) + 496 = +1074 kJ
Enthalpy change for bond formation in products [1]
=-(2x592)=-1184 kJ (]
Enthalpy change for reaction = + 1074 — 11 84 =-110 kJ
(d} energy [1- exo +
3 labelling of
reactants &
ﬂ\ products
2PCL{g) + Oyl
Ea = +1074k! [1-Ea
labelling &
AH=-110K) value]
' 2POCL(T)
[1-AH &
. value}]
Progress of reaction
4(a) | Similarity: At the anode, iodine is produced. 1]
Difference: At the cathode, for molten magnesium iodide,
magnesium is produced while hydrogen is produced for [1]
concentrated aqueous magnesium iodide.
(b) | Colourless solution tumns brown. [1]
Chlorine which is more reactive than iodine displaces iodine from
magnesium iodide, producing the brown iodine. [1]
(c) The oxidation state of iodine increases from -1inI"to 0 in l2. [1

I is oxidised, hence it is acting as the reducing agent.

I
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(d)(i)

lodine -123 and iodine-131 have the same number of 7 valence
glectrons, hence will have similar chemical properties.

[1]

(it)

32 32 D
5P — 165 + _iB

1l

5(a)

No of moles of $2032 = 0.0200 x 20.10/1000 = 0.000402 mol
Mole ratio l2: S203% = 1: 2 = 0.000402/2 : 0.000402 mol
No of moles of |2 = 0.000402/2 = 0.00020% mol

[1]

(b}

Mole ratio I2: Cu®* = 1: 2 = 0.000201: 0.000201 x 2

No of moles of Cu?* = 0.000402 mol

No of moles of Cu?* in original piece of ore = 100/25 x 0.000402
= 0.001608 mol

[1]
1l

(c)

Mass of copper in ore = 0.001608 x 64 = 0.1029 g
% of copper in ore = 0.1029/0.567 x 100% =18.15% = 18.2 %

(3sf)

[1]
[1]

(d)

Alloy of copper is harder than pure copper as the atoms in the
alioy have different sizes, which disrupts the orderly layered

arrangement of copper atoms, making it harder for the lavers of
atoms to slide past one another.

(1]
[1]

6(a)

Ba?*(aq) + SO4% (aq) — BaSOa (s)

[1]

(b)

Mr of SO4% = 32 + 4(16) = 96

Ar of Ba®* = 137

S04 has a smaller Mr, hence will diffuse faster, so they will
meet and react nearer to barium nitrate at X.

[1-
calculation
of Ar & Mr]
[1m for
explanation

]

(©)

Observation: white ppt and blue ppt

(1]

(dX(0)

Volume of CO2 = 42 cm?®

No of moles of CO2 = 42/24000 = 0.00175 mol
Mole ratio CO2: H2804 = 1:1

No of moles of H2S04 = 0.00175 mol

[1]
[1]

(if)

No of moles of H2S04 = 0.00175 = 0.0500 x V
Volume of H2S04 = 0.00175/0.0500 = 0.035 dm? = 35 cm?

[1]

(iif)

No of moles of H2504 = 0.0643 x 0.035 = 0.002251 mol
Mole ratio CO2: H2804 = 1:1

No of moles of CO2 = 0.002251 mol

Volume of CO2 = 0.002251 x 24 = 0.054 dm? = 54 ¢cm?

[1]
[1]

(v)

At higher concentrations, there are more particles per unit
volume.

Frequency of effective collisions increases, rate of reaction
increases.

[1]
[1]
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g g0 [1- vol of
gas = 54
% cm® &
= steeper
pracas:: curve]
voluree of - ¥
ydroger 30
lom?®
10
0 = 50 : 166 150 206 e =0 350
Hmels
7(a) | Plastics are made from non-renewable petroleum, hence it is not | [1]

environmentally sustainable.

As greehouse gases are produced in the plastic production
process, it is harmful fo the environment as green house gases
cause giobal warming, causing polar ice caps to melt, resulting in
flooding.

(b)

Physical method: The plastic is melted, cooled and made into

pellets.
Chemical method: The plastic is cracked or depolymerised.

[1]
[

(c)i)

Monomers of PET:

0
i I
BHO~~C— C—OH HO — GH, — CH,— OH
and

Monomer of PVC
H Ci

N/

C=GC

/ \
H

[1]

[1]

(i)

Addition polymer: PVC
Condensation polymer: PET

(1]

(i)

Any one:
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In condensation polymerisation, there is removal of small
molecules but in addition polymerisation, there is no removal of
small molecules.

The monomers in addition polymerisation are unsaturated while
in condensation polymerisation, the monomers have different
functional groups.

[1]

8(a) | Isomerism [1]
{b) Alcohol P Q R Every 2
Structura | 7 " § ™ \ | correct 1m
| formuta “”E“E“E“E”E"’ G b
B S S I
&
Class of | Secondary(2° | Primary (1% Tertiary (3%
alcohol )
Name 2-methylpropan- | 2-methylbutan-2-ol
Pentan-2-ol 1-ol
(c) Accept any value between 75 to 130 [1]
As molecule T has two hydroxyl groups, there will be
more/stronger hydrogen bonding, [1]
requiring more energy to overcome, hence higher boiling point [1]
than ethanol.
{d)i) | V represents C-O bond Every 2
W represents C-H bond correct Tm
X represents O-H (in carboxylic acids) [2]
Y represents C=0
(ii) Z is a carboxylic acid [1]
(iii} Z is ethanoic acid.
H e 2]
Hm!’.;?-—C\
H O—H
(iv) Ethanol and acidified potassium manganate (VIl) or oxygen [1]
9(a)(i | Metallic bonding exists in magnesium. Magnesium has giant [1-
) metallic lattice structure. There are strong electrostatic forces of d;;scr!ption
of ionic
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attraction between positive metai ions and the sea of delocalized
electrons which require a lot of energy to overcome, hence high
mpt.

lodine is a covalent molecule with simple covalent/molecular
structure. There are weak intermolecular forces of attraction
between the molecules which require littie energy to overcome,
hence low mpt.

bonding &
structure]
[1-
description
of bonding
& structure]
[1- energy]

{ii)

Each carbon atom in graphite has one valence electron not used
up in bonding, hence there are mobile electrons between the
layers of atoms which act as mobile charge carriers to conduct
electricity.

lodine exists as molecules, absence of mobile charge
cariersfions or electrons, hence unable to conduct electricity.

[1]

[1]

(b)

P O Cl

20231 = 10.4/16 =0.65 | 69.4/35.5
0.652 =1.85

No of moles

0.652/0.65 = 1.956/065=3
1

Mole ratio 0.65/0.65 = 1

Empirical formula = POCis

(]
[1]

(c)(i)

Potential difference = +1.36 — 0.77 = 0.5V

(1

{ii)

Green solution turns reddish brown

[1]

(i)

Test using moist blue litmus paper. If the litmus paper is not
bleached, the chlorine is fully used up.

[1]

10 {a)

Mr of CeH12N4=140

Mr of CioHs = 128

Energy density of hexamine = 1/140 x (- 4200) = -30kJ/g
Energy density of naphthalene = 1/128 x (-5133) = 40.1 kl/g

[1]
[]

(b)

Naphthalene has a higher energy density and it has a lower
mass, so it is better to bring moth balls than solid fuel for
camping as it gives more energy per gram of fuel.

[1]

(c)

Air pollutant: nitrogen dioxide

Effect of air poliutant: Nitrogen dioxide dissolves in rain water to
form acid rain which corrodes limestone and metal
structures/harms aquatic plants & animals

[1]
[1]

{d)()

Student A: The solid dissolves
Student B: The solid dissolves or white precipitate

[1-both
correct]

[1]
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Explanation: Aiuminium is an amphoteric oxide, so it reacts with
both hydrochloric acid and potassium hydroxide.

(ii)

Aluminium oxide has a giant ionic crystal lattice structure which

[1-

has strong electrostatic forces of afiraction between oppositely | descirption
charged ions, requiring a lot of energy to overcome, hence has | ©f ionic
high mpt and so exists as a solid. ;’t"m”gt'zge‘]&
Nitrogen dioxide has a simple molecular structure and has weak -
intermolecular forces of attraction between the molecules which description
require little energy to come, hence low mpt and exist as a gas. | of bonding
& structure]
[1- energy]
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